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(57) Abstract 

A silicon semiconductor wafer made of a silicon single crystal grown by the Czochralski method by using molten silicon containing 
nitrogen at a concentration of lxlO 16 atoms/cm 3 to 5x10" atoms/cm 3 and by heat treating the wafer at a temperature of 1000 °C to 1300 °C 
for more than one hour, characterized in that the density of crystal defects having a size of above 0.1 Jim in terms of diameter in the region 
extending at least to the depth of 1 Jim from the surface of the wafer is 10 4 cm" 3 or less, and the content of nitrogen at the center in the 
direction of the thickness of the wafer ranges from lxlO 13 atoms/cm 3 to lxlO 16 atoms/cm 3 . 



(57)g$J 

lxl0 18 atoms/cm 3 fel± 1 . 5xi0 19 atoms/c 

o °c&± 1300 'cwTofiitT? i B$R8w±&*i!ig-r* z d 

IfO. 1 AdmJ^±©^ H B B^^©mJ^^ 1 0 4 i/cm 3 WTT*£>K 

^ # w- -a g^^a** i x i o 1 3 

atoms/cm 3 «il x 1 0 " a t oms/cm 3 tlTt^SC 



cr • y# 



DM K5=* 
EE h-7 

E S x-w > 

FI 7 -(• > 5 >- R 
FR 
G A 

GB «B 

GD 

GE ^/I'i'T 

GH U~t 

gm #:<-trr 

GN *=T 

GW • CIT;*- 

gr m->t 

HR foTf-T 

HU ^>-# y - 

ID -fVK*>7" 

IE r-f/v?>"K 

I L W^^aiyu 

IN -O-K 

IS T'f^^i'K 

IT -fi>!)7 

JP B* 

KG */Mf**>' 



U hT-r 



MC *+3 



NO /U?:* — 

NZ • v>- 

PL iH-y^K 

PT #/vh#/v 



SG A- 

si ^p>Tj=r 

sk XDcr 7 *r 

S L - U-** 

S N -fc^istfA. 



TT hH-fvb'- 

UA V9°?<< + 

UG 977^^ 

US *H 

uz ^x^***^ 

VN •r-f^h+A 

yu ^-^-^7tr 

ZA I77!l**fc 

ZW i?v/<^at 



WO 99/57344 



PCT/JP99/02336 



v * <d mm. ft & t bi r 5 o 

V £Jf 3£ Sfe &1& & e. # & -r & * ^ * i% ❖ 7 s ; w * » it T* 
15 S&jgSftSISg&HBib^W ^J&j&irto^W b 

OP (Crystal Originated Particles £ V'* & Crystal Originated Pi 
20 ts) t»«h5*ffi^S*nt^5. 

(cz) b< \±mm^mw\ytz. c j; bwj&^ftfe^y 



WO 99/57344 



PCT/JP99;02336 



2 

cop fc$s*<*-&3&ffii: it, $£iawj$®Rt<z)ig3rt&&&* o . 

8mm/min£*Ti:'rS£i:a , fcl&ftTVN.B (^H?2 - 2 6 7 1 9 
5^&&) o dtitts £A*RS*feSBfRT?fc-S£?LSjft*R5 (vac 
ancy) Ofii^IfltOiAt^i'^^t, I; fci£*SIi,<9^*P5£ 

(vacancy) ©$83E£fiJx. 5 & So b L & # * 

15 #Jgil#if$ 1 2 0 0°Cfr 5> 1 0 0 0"C©aftfSH*3t»-rSl^fi|6Diei!fiI 
Mat-feSciiMf.nT^S (4$l§¥8 - 1 2 4 9 3 &B1 
¥ 8 - 9 1 9 8 3^&m, Wm* 9 — 2 2 7 2 8 9^£;$g) „ dti<^© 

■CttHSfcfc&V^ COP»j£©{£«TIEfci:lRia 1 0 s I/cm 3 « 

20 g-e&tK 09*.K1 0 4 m/cm 3 uTv>®g.*mmt 

*fcs COPfi«ft«i:lyrlSSW^t:«Sa*^airs»8 5 0°C 
- 1 1 0 O^0a&t6HT0#»*©J|iiieg©«8l$IHI& 8 Qfr&ffit 
b, £fctt*gS&Wfife-r 3 lxl0 14 /cm 3 t'fe^'J 
25 3 ^Ot-> l> 3 x;\tj|i| 1 0 0 0 °CJil±© 

1 KfiW±Mlt5ft»M fcttTV^ 10-980 



WO 99/57344 



PCT/JP99/02336 



3 

5 x 1 0 1 Vcm 3 ©»*«j&T?H:£;ffi£ftT^&^. £®fe#K 

x . «fsu*c3£«fc bfc&£fM3£ir£c: ^ g«&®©co 
10 p^ffiM • mnzvz&ffibm ^nr^*. mz.&, #i?3 - 2 3 3 

9 3 6-^&$8£fci, 8 0 0~ 1 2 5 0°CT* 1 0 m?3 UT<D$&mM £fr -5 

tfs«aiit:6?^^ &m$im<Dw h(DM**m< £n?Kj&&$> 
15 &mmmfrt>m$ 1 //m©«sBi*!<Dco p&jg& 1 o 4 

li/cm 3 WTfc-TScifcfcfcHJI-C&So £fcs £f^BS 5 9 - 2 0 2 

akifc^Bfi&JBv* & c t £ j; D x iii0cop^i«^ 

i*\ ^o^M^p^O. 5 /tmfelrtC C 0 P&g£ 1 0 4 I/cm 3 
20 ThtSlttf^t?)^ £®*p£<*£fc8S^gB#0COP!&jft& 1 0 
4 fS/cm 3 filTtt5Ckl4-e§fx r^W^ff^0i^e.tii 

25 (c|8bTtt£fP§BS6 0 - 2 5 1 1 9 0 ^4kmmt?%\ t> fir o Ztds 

7D-hv-> (fz) ^*ssfc*w-ss*«jps&*fc bx, &mm5 



WO 99/57344 



PCT/JP99/02336 



4 

7-1749 7 ^^mmic^^mcDmm^s - 91993 

5 - 2 9 4 7 8 0^&«fcfcfc N 1/ U 3 >*fc8fln bfc3*#£&HB©-- 

S a »-&fcfci\ g^Sttts^fcia I? c O P&RS#/J\£ 

<«:SCi:A J D. Gr a f^fccfcoT^Ka^ftiTV^ (The Electrochem 
ical Society Proceeding Vol. 96- 13, ppll7, 1996)#. d CD # ^: X 

10 Afcrp^Tfciu F ZSfgH^<E>£?LM&|!fe (vacancy) 

(Dhmtiite* £-XA#C Z3gf|®*§l|- £?LM*Pfe©Sii&#: 
T*^S^?L^Rg©-9"^ X£/J\£ < bT^Sfc©i:8Si&bTV>So b*»b. 
K. Kakumoto, et al.; Proceedings of The 2nd International Sympo 
sium on Advanced Science and Technology of Silicon Materials, p . 

15 437-442 (1996)fC7n£friScfc-5 £.> £ft t £?l t b tctem 

20 COP^C*fi#*flH*, tett^-r, *J:tfatJB&HB«<0 

C ZSs*»» Willi C Z&fcJ; & Wf&bfcS/ U n >MliP^7^X, 

25 ffl^ia5J:5t:&ot§T^5o 



WO 99/57344 



PCT/JP99/02336 



5 

JL m * & m #r £B » C @ H b T ^ b * * * ^ ft & fffi & B m b fc 13 x 

*$/*;i^> 'jn^fi^sfeftfcji, ^ b* * ^jvm^mmt 

b***S/*;i,S/ U n >^*flc|£«ft<£3^ hf^flS eta KIT 3fr 
fll^K, ^H¥ 5 - 2 8 3 3 5 0-*f£^fc«U -f>HJ>i'^y^ 

>j>^ (ig) «ia#n*ii>i^Ki*ruT^yn>#<es»ii&^fflj* 

UStg^n-T^So £fcs W8 - 2 5 0 5 0 6-5&*fcfciu ijijglii/ 



WO 99/57344 



PCT/JP99/02336 



6 

©iGMxgiu mmttm® (bmd) mm%MW?ztctb<Dumu 

x-A^^tiT^5 0 £ fcfcls 4$g^9 - 1 9 9 5 0 7^&$8fctts 
^CijllKiDs MtcKSS^RS (DZ) I^^tS^liLSI 

jgfife^^ct &8?jifc s i o 2 ww^*/^*^,**, tiit-x^^ 
m. m & «t & m # se t # £ b r ^ s ^ t: * * -> ^ ;i> * k. w ^ * is s * 

#3do£„ 11^8 - 1 6 2 4 0 6-^&ffi£fcfc N fef.iPDS)5x 

i eg/cm 3 u±(DA^m^mm^.m^^t5V-yx Mz-hj/u^ 

*&«$fcUTl>3fett^ it:/* hi/ - h £ =>\&m%&V&Mtti&K. : fr 



WO 99/57344 



PCT/JP99/02336 



7 

5 l©iij££:fcUTx #58 MB, ^fr^W XflSj$ffl«D»> U 3 

& bu x£ b fc <fc 5 & ft* © mm T? fcfc ^± £ & ft * T* § ft V> 

10 *$gBjmi;fc, *m<*?Ji4 xftmmni' v ^ >&m&&m.(D% t mm 

'J>ft <s «* *>t i G$m«feffr#bfcftSH-c<£=»;* hfc^e**^*;!/ 
20 o^RS&KK^K:««T?&5c:i:*Mmbs # $8 SB 

fiP^s Sg 1 ©fijftfcfc^Tx #SBUI§fcJU ?~3t5)\,X*- (CZ) & 

<j>& < k*)^fe^®^?,^^ i um%T*(Dmmzj8\,\r, mm&ni: o 

25 1 ,am«±©*g©&R8©t&j&# 1 0 4 <@/cm 3 ttTtftSCtS^f 

at-rss/ y 3 >**fts«-cfc&, b < titular ^>$i 



WO 99/57344 



PCT/JP99/02336 



8 

#&&<Dmfr*fo1£$ttZ&m&mmifil xl0 13 atoms/cm 3 
J^± 1 x 1 0 16 a t oms/cm 3 WK*Jfe5^ ] ) =J >#zg#Mt 

10 18 at oms/cm 3 1 xl 0 13 at oms/cm 3 

5 W±l x 1 0 16 at oms/cm 3 «T*C* !K 

©ISHfcRB©®^* 1 lfi/ c m 2 WTT5*Dn iPoafetS^e.^ 

15 ^llA51xl0 13 atoms/cin 3 J£l± 1 x 1 0 1 8 a t o m s 
/cm 3 ttTt^Sc t*ftti:t5'> U n >*##:StT$.5o c 

iK Rg & ^ © 5 s ^ -Y ^ ^ A <D m H J: fe £ & £ «S> £ & H & PS £ J 3 "T « 

#$§BJ3fciu lxlO l6 at oms/cm 3 &± 1 . 5 x 1 0 1 
20 'at oms/cm 3 WTO^mt 5 > U n >B**££flH>T C Z 

0 0°C&±1 3 0 O'CWTCiagt- 1 l$fttt±!ffti&S-rS£fc&#»i: 

ZSKiDW^fJRfc, 3l±j^S£V (mm/mi n) * ^'J3>® 
25 ik/£*>f> 1 3 0 0*c*-e©as:«[fflfc:j3it%§l±«i^iqifl!)3|iSflrtM^i 

IB©¥i91il£G CC/mm) tt5h#, V/G£0. 2 (mm 2 



WO 99/57344 



PCT/JP99/02336 



9 

ttti/ts, ftwub&*z&m%.*"zmmm*zz.£, &b<& N mm 

£ 0 . 01vol%&±100vol %£tT4ttt5^#H^'ft 

io TKt>%, m2(owitiiz.js^Zs *ftw&. &m<£%m& i . oxi 

0 "atoms /cm 3 W± 1 . 0x1 0 16 atoms/cm 3 61T©*> 'J3><>i;\S^ 

#*SM£i£«bT£ 3 'Jn>W«&5 = 

#»BJltt*fcv ^fii^M#l. 0 x 1 0 17 atoms/cm 3 fil±0-> U 3 
15 ><>xASU-77 hl/-h^xAt b^©^®(3^ K*3r5/-Wl/$fefc: J; 
O $/ y 3 >#ijgii;f £f§;gcbT& 5i/ U 3^«ft*oT, 'J>& 

0 . 1 ^m£Jt±©ISS^RB0«Jft3&*5 x 1 0*i/cm' WTfftSC 

^xAtf^&taifel. 0 x 1 0 13 atoms/cm 3 J£*±l . 0 x 1 0 ,6 atom 
s/cm 3 filT^bt«:5uk««»S b^o 
^^B^ti^fc, £*^*rS#l. 0 x 1 0 17 atoms/cm 3 &>±*> V 3 > 

25 i/ij3>#g||&|lbt^^'>'j3>^Mtfeot, 'J>&< 



WO 99/57344 



PCT/JP99/02336 



1 0 

0 nnm±©|gg&RB®«&j&*5 Xl0 s l/cm ] filTT?*Sdfc& 

5 #®fr£#g£ i /£m*-effla«fciv\tv mmwin-e 0 . lAmm±© 

^^RSO^S^S x 1 0'1/cm 1 WTT?*5 bV^o * 

tzs tuia-y-^^ h l/- h &fc£3K& 1 . 0 x l 0 ,3 atoms/cm 3 

W±l . 0X1 0 16 atoms/cm 3 WT^t IT ft 3 d h **# * b^„ 

* n 2©«j^j=«a3|5:isw©±j£bfc^-rn©5/ 3 >^g# 

&gT*2 0 nmJU±©feg&PJB?8j£# 1 x 1 0 8 M/ c m 3 ^±7? & £ 
#$gHjm£fcs 1. 0x10 1B atoms/cm 3 J^± 1 . 5x10 ls atoms/cn 
15 frbfttzis \) 3 >tr^J\%V7X b \s- h t> 3L}\ t b*©&lBfcs it 

#S§0jm£fc N f3^7;vx^r-il:J;^ <? 8 0 0 "Ccd 

mmm^rn & 2.0 °c/^w±©^0^^-e w$ b & u 3 >m^^ 

20 frM#fc-> U 3 y*? V V- h i> x.J\ £ b^OSIlc, ait: 

^*»> + ;^{:J:D U 3 >J|i|5gJB&i|l«-r s £ Sltttt 5 2/ U 
3>i£&teg*fc(Di!£i£;fr&T'&£o £*>£ N 1. 0 x 1 0 16 atoms/cm 3 
«± 1 . 5X1 0 l9 atoms/cn 3 "T S f U 3 >i&*&£/8 

U ^ >#f§H£Wf£-r£c: £#Sf £ b^o 

25 #$8Wt±*fc* ^^;i/^^r — <fc D80 0°C~40 O-CcDSSH 
S&ttH&l. 0 o C/^J^±©^3l^^T'W^bfci/U3>^i^^^t, 



WO 99/57344 



PCT/JP99/02336 



1 1 

^*<*:a£4RCD»aS*«5^»So £*>l^ 1 . 0X1 0 16 atoms/cm 3 «± 
1.5x1 0 "atoms/cm 3 KTCiSHft^tSS/ U 3 y|R»[&JBV^T 

x-feoT, ^^§i±*^4»©i/ 3 >&i&mtis&mumirh soot© 

0"C~4 0 0"C©*g||i&g$BB£ 1 . 0*C/#ja±©#«136ftT!WJ*b 

io >; =i >^*ga*»e»^fc^ ^>->xASt7^ hi^-h^^yNfcu 
zft&tTzz'V ?>*mtem&<nmmi5&T:&z> 0 $ <biZ, l. Ox 

1 0 1B atoms/cm 3 J2*± 1 . 5x1 0 "atoms /cm 3 J^T COMM 1" 3 ^ 

a * ^ J: b Wfife b fe U n > #*£H#> f, f# fe ^ U zi > 
1 0 0 0°CW± 1 3 0 0"CfilTOfift-e 5 #J^±#ftM£ bfcfc 

U 3>^lfeSJi*«l*f S^fc30»»* b^o 
20 M<zmJ£ftgft0.B 

03^t, ^ii#&i£S^£BggbftV>M^©C Z#&ll3I±tf:g 
25 ^aK:«»HlJn««SK«b^ &*§E»T-e&3l±Jf nllfeT'^So 

S4i±)a@ig*?, 8 o o°co^ii}sif^©-r^T©^$£ 2 . 



WO 99/57344 



PCT/JP99/02336 



1 2 

s Ei5tt8oo°c^?)4o o e c©^ H ^?agE^^©r^T comm* 1 . 

0°C/#J-;*±T-&?WT-££ck?ii&||^£P^g3 0 S^TSC Z^>'J3 
10 El 6 i±i 4 fflgll: 8 0 0°Cfr £ 4 0 0 °C©^^^Jg^^©-r-<TCD 

i . o °c/#w±t-&^#t- § s £ 3 o %mrz> 

&JK^»*3£St:6fc 1 0 12 atoas/cm 2 S ?>fc:&*x 

±®f£iH^R§©?&g# 1 0 4 i/cm 3 ttTt*5ct^T'$5o 



WO 99/57344 



PCT/JP99/02336 



1 3 

5 £ 1 //m0S^C :fc^T> t^W X £ ft*-? £ ftfcf, 

M^fitlO 4 M/cm 3 WTTfeiiKlcmxlcmxl/imC 

^fJt£ lxl0 13 atoms/cm 3 WJb lxl0 18 atoms/c 
m 3 i^H<H:5xl0 13 a toms/cm 3 ttllxl 

O l8 atoms/cm 3 WT> ^ ?>CB:5 x 1 0 "at oms/cm 
3 1 x 1 0 1 8 a t o m s / c m 3 iaT^t5ifctf»SU^ B 

15 >>gn>4^ B B a + C^^#AtSciitJ;^ *£HW SB it 

&#10 7 <®/cm 3 &Jb©KSt#rffl«l#$6£-r 3 J: -5 §l± 

Si^i^fe^o £«c#©£*^fi#. lxl0 13 atoms/cm 3 
20 *$T*&£?L&Pfe z. t&m. b < , lxl0 16 atoms 
/cm 3 Sfcft2,fc^lt^o^fe|4^X^t<fe^ £fcgf&# 

S (Secondary Ion Mass Spectroscopy) V> 5 C J: £ 0 $1^-? § 
25 5„ 



WO 99/57344 



PCT/JP99/02336 



1 4 

xl0 16 atoms/cm 3 ttT. 1 xl 0 l3 at oms/cm 
3 ElJtl xl 0 16 a t oms/cm 3 J^TTrfc o g»K * z: 

m^&m. & m -rmm urn £ «k s jsnf aft * m t s * © -e & s £ a 

fcMaj£©«*#KK>£ft5»£-#fc So dtUifci:* S IMS-CJI 
fc$ntz¥i%<DmMM&& 1 xl0 16 atoms/cm 3 *«fcSV> 

T = t «fc D t^R6*M«d * £ £ S o 

fr^-ctss^B5cD»'j>^-5»sc^tfo < e>*w s«ais o . 

1 //mfcfcttSig&lfegT? 0 . 1 /zmfel±©|g B H a ^R5©#:m^ 
20 #»fttt*B&T!©*M&3fc3^ttMi©ffi«fc J; t) li/cm 2 « 

ii © J: 5 fc^Un >###£«©»£;&« turfed CZSC^DJ: 
5 fc©T?fcfc&^ 0 



WO 99/57344 



PCT/JP99/02336 



1 5 

m®<DZ£< s CZ&fci, tt£«fcl±5£»T?fc&itfiartfci&§£ft 
10 ZStbtit ItCCZSOft&^f, 0!*.fc£ N S£*§Ep;&n C Z*£^£D 

t£**n ft 5 a * © ft- an i$ g# & ft b & c z & * ffl v^ s ci t % -Rimx- & 

^tdBl^^ft^^o 

«S§l±^ftttl. 0-2. Omm/#gj&, fjigi@^(iO . 1 
~ 3 0 r pnu it^Hlfe^ttO. 1-3 0 r p mUg. (fcfc, 
ktff«fcU£l§I*K) s £H&#:*I±A r iSXX-mmte 50-300 U^h 
fr/ftUm, 1Pftfrti\±2 0 - 7 0 T o r r fig, KWBJJ&Ufcov^fcJu 



WO 99/57344 



PCT/JP99/02336 



1 6 

£ m e> m. £ 2 n s * © -e & & v> 0 

jit-TSfc&fciis 1 x 1 0 18 a t o ms/cm 3 W± 1 . 5xl0 19 
atoms/cm 3 WT©iIS^tt 5 2/ V ^ >l4?$>fe^^T C Z 
5 t)W^bfc^Un>#^M3!?^^fcS/'J=i>i}i^^tS^. 10 

0 0°CW± 1 3 0 0 o CJilT©}&&T' 1 ^P^m±^5Q.af S£il#M£b 

10 &*ft££3j|©iHtfrf!iScB::fciR W. Zulehner and D. Huber; Crystals 
8 -Growth, Properties, and Applications-, p. 28 (Springer-Verlag, 
New York, 1 982 )lz.m£t\,Z><k J ? iz^ 7xlO- 4 tfc!3 N 1x10" 
atoms/cm 3 &L± 1 . 5xl0 1B atoms/cra 3 WT<9^ 
Ht^^l" U =i ffil^ ft fcf lxl0 13 atoms/cm 3 

15 tl±lxl0 18 atoms/cm 3 WTOSSR&^r bfc*Sii&T$ffiS 

b*t5o 

CZStfe a H H §W^t5H, §I±3^&£V (mm/mi n) i: 
U i> U n >S4^/!??> 1 3 0 0 °C i; T- ©S&|iaB £ & £ 31 £ ± 
fo©*g||f*mg£JB2®¥i$iii£G CC/mm) kt^^ V/Glfife 
20 0 . 2 (mm 2 /"Cm i n) fel±<0 &&& 1 x 1 0 1 8 
atoms/cm 3 W± 1 . 5xl0 19 atoms/cm 3 J^T^W 

1 . 5 mm/m i nttJit\ &g4><a£$ft£& 1 x 1 0 1 3 a t o m 
s/cm 3 fil±l xl0 18 atoms/cm 3 l:^Jgt5) ^ ^©fcg 

25 gfr£flsj*bfc^#f*:&«£/BV>3£fcfc.fc ^ ^®ftf*HBSi« (DZ 



WO 99/57344 



PCT/JP99/02336 



1 7 

iffllSK^ 1 2 0 0 "CgftOlSfitf *n!ft D n * 

SCI kttf^K #«E©*ft«LSfi&fc:« itli 1 0 0 0°Ci^± 1 3 
10 0 O'Cmr, If Klil 10 0°CW± 1 2 0 0 °CIXTftm%-C$> Zo 
Mft#fi^fcK3K©*#4£«fc:£*©i$|8|&gLx a^^t^Si:^ 
H#©&¥MMI@?§&#±** bgg3t©^£ft£fc#*ag& <&5. Sfe, 
1 1 5 OV&±Tt&nU£teti&teZlZZ&WL&W<DWlfito0J®mW£ 

15 #©f5ffe < fcSfetos *©fcSm£«^<**3fcfcfcfci:#M!k 

*«iiacDC7Jc:Afci3v^rrtaj©»**ftB«itt»«iaft:«t debs 

20 »&3£:tAttrt|0fcWfc&©yy* 'J 

ttSo »#©£©#fc£iB£D ZJ8&#* rta$ £»«££©$■ y * U > 
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1 8 

fc-riBgtf&Sdfc-C&S. £©j&fc:Hb-t:fcmjR¥ 9 - 2 9 7 1 5 8 
15 ^-T-Ji^bTVN?. t 43 ^-efe2»o g-fc, inKI±^tt«l4fi«t5i: 

iioM$ffi^tMSIitlgISffl(^4bfe C 0 P t y h£ 

- 2 9 7 i 5 8-^©gi^-rsia^rt^*s^j 
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PCT/JP99/02336 



1 9 

y *£*»W'fc8fi£ffiv^ *pf*J^©&&*$ Abu ^^m^mm^^U 

10 J|g|irti»©£|»*B8fcfcD ZJi©K**J£©ffiTfc«fc 

&JfertibT^fc&*j&**f6< £ D . MjP^^'fbb, ^'Jnyg^FcDt 

fcteff^wWJK&JbtfSi fcfc J; D m^*f C O P 3£ © ijsg H * pfe £ 
15 *g <{£Mf£d i:#T-£ So 

§ffl^^7tbt^iMfi^tliS:<, K*£0. 0 1vol% 

iUlOOvol KWT^tr^B^Sffl V> S 3 **x 

bT£&%#M£ bV\#> 1 0 0 vo 1 fcffi^ 3 

£ h$ RllfeT'feSo M-^a^O . 0 1 v o 1 Mf^S^ HB^tf 
X^©*#&£©^M^©SA£M®£WSHi-;teJ£ft < 
25 4i^t5^"Jf htf«<fi!5, 8MM#<Z>*:c/\^igfcfcjU Mm 
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2 0 

0 . 5 tim&±mmt 2> 0 
(D&gk>nMcD%&.tf 1 0 4 ^/cm 3 WTT!:fc3iUB*&fcH8JBcDEE* 

2 ©(SjSt=«S*«MOH 1 ©*§*£©*> U 3 >^zg#:S&{±, 
1 . 0X10 n atoms/cm 3 «± 1 . 0x10 16 atoms/cm 3 
TO-> U n x;\£if7;* M^— h«>xAfc b^©ll®£x ^tr^^r 

2/ U n >£x^\*©£3ft^*rfi& 1 . 0 x 1 0 l3 atoms/ 
20 cm 3 W±l. 0 x 1 0 '"atoms/cm 3 JUT 3o * bt\ 

iaft^Un>^xAS1t7Xb 1/ — h »>x/Nii b-? - ©ill®t3.x.l^#:3f- 

;H^^t:^^i/t;i/ih^r7 M/-b * x/\©#W3£eiT"©m 
'h&RS*>fi?L*W&©$B£*»*!|-r 5 C, * x^rtSS a 

U n >e7xy\4»o^^^^a^ N 1. 0 x 1 0 13 atoBs/cm 3 
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2 1 

xnil©%/h^y h®^4^»Wt^f, 1. 0 x 1 0 16 atoms/cm 3 
fi-efciu 'J75-f 7 ^ A-^fi^^: ifot^M« bfc !) 

^lli 5 1 . 0x10 I7 atoms/cm 3 HA±<D*s 'Ja> x h 1/ 

^RgO&gtf 5 x 1 0 4 <@/cm 3 UlT-eft5Cfc^afct5'>U3 
1 . 0x10 "atoms /cm 3 tt±ht5^ »J 3 >£&<Z)iK& 

IfefK »fflm#:*8&fi-$>5l±JFrtEE;bx &5V*fcHK»WJinS§E*CISftt?J 
20 ffetf&So S' U n >£:c/N®tt3R$^ij&s 1 . 0x10 17 atoms/ci 3 * 

mm-a^m.® 1 . 0 xl 0"atoas/cB 3 tt±OS/Un>i> 
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2 2 

<Dmffii?t>®£ 1 jum*T?©fc#T©Jfgii&Pfe©#:£je«S#m5'CfcS 
-^llUbf:. itgfc*T?0. 1 >amW±©igil&R2#^g£#£Tr 

t£3fc©S/ 'J n >*xm»B:«*£JL&HBfcJ^ 1 0 6 ffl/ c m 3 ggfr 
*nw±#4btv^fc. HiT8BfB«*e©0 . i/iinWJ:©Si 

^Pfe©®&# 5 x l 0 4 |/cm 3 filTtifentt, ^ b: * * * ;mtSt 

fc#T£So B&fBfK«-C0. 1 #m«±©*ggfcHB* 
«^5xl0 4 i/cm 3 j@T?B\ ;b Jl ft t £ IS 

l3Ciil:i5J/'Jn>^Sii±> Sfc*$*S**l. 0x10 
1T atoms/cm 3 £k±<Di/ U n x^S-if:/* hi/ — b xm£ b-£©^ 

20 *> + ;i/{fefc.fc D««Ufe'>>j3>#*gSB©#lS3jpP)«d Umit© 
««C:feV>T\ S@m^^2 0 nnm±0#&gfcHI©?&&J& f 5 x 1 0 s 

ifig&W-C 2 0 nm«±©&g&fi&B: N f&5t6©!3?LfcPfe©«*& * © 
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2 3 

* 1 /iin^OMti^^T, g@&#T- 2 0 nmW±©lgS&HlG>fc 
X 1 0 s |/cm 3 WTTf*ntt, :xt*^>-Wl/i£g?X 

*VMs IfiS&gT' 2 0 nmWlOJgg^lOM^ 5 x 1 0 s m/ c 

15 ;usrtt:sljB N JfMbtr/W xWl&.&'g D ©{KTJSIH 

^^to-&fe*)CDs -T^cto-fex $?f£<a#&#l. 0 x 1 0 "atoms/cm 3 Jit 

1 un&±<Dl&&&1to<Dm8.1fi 5 x 1 0*i/cm J « 
TT\ ^oitSm^T* 2 0 nm&±<D*§g*PIS©&jft# 5 x l 0 5 M/ 
cm 3 KT-Cfe^ci:$#S[tt5^^Sti:t5ii:i:j;^ 
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2 4 

>•> i a#£2 ?>£gi{|£ 1 . 0 x 1 0 13 atoms/cm 3 U_t 1 . OxlO 16 
atoms/cm 3 ttmi/TftSi' U 3 >^Mt'$So 

s©iqj±»ms»a-ra*©-efcs- a-5t, -© * ^^^^^«^> 

15 l&fttf 1 xlO'l/cm 1 &±T-&^> U n .£«, & 

*>\ gEtf^* h U— h U n > <> i^N©J?» + i&^«i:H:s ^it^^ h 
U - h £ xAig* &l/im«fct>8RVK j?*l/<i±2OAmW±rt»0 

2 0 nm&±©!fcg&R8& 1 x 1 O'i/cm 3 &±#££ * £ d i: fc 

>j n v^ftsftsstr a i t ^-c * a . 

±IBUfeM 1 ~m 6 2/ U zi >>> x7\©ifcffitft©^© 
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2 5 

■tttbh. i2©^ti^M©i i v>mm<r>*s y =» ^^^^ 

fecDlSM^&i: ITIi, 1. 0 x 1 0 !6 atoas/cjn 3 &± 1 . 5x10 "at 
oms/cm 3 ttT©a3limt5J"J 3 >»«&/BV*T CZ^^i *) Wfifc 

£©#&©^;5fc£:fc^T& 1 . 0 x 1 0 '"atoms/cm 3 WJi 1 . 5x1 
0 19 atoms/cm 3 WT©&3R&^f S $/ 'J 3>»i*&/HOT C Z&£<k 

£ 13 5 . 0x10 u atoms/cm 3 W± 1 . 0x10 16 atoms/cm 3 

20 $tt5 5/ U 3 xA©SUg#Rl&i:&5«, x t: * * * ;H* 

n-zmfc (-Iftttt 900°Cfr*>120 O°C0$Sffl|*l4)--£?&g) 
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2 6 

1 . 0x10 "atoms/cm 3 W_t 1 . 0x10 ,B atoms/cm 3 JSIT© 
^tb^^-fb^-frs fiS»tifcCOPtft^ti5 0. 1 /xmSftip^iiJil 

5 ±®ag?L^«s&^fie*-&«c^o aim, &iij£gi$££g&£tf 1 1 5 
o°c~ 1 0 5 o-cgftcteHfiDjtRfltjiftfi-c^a^wgftBjs-rs^x £ 

x.M%<&m j it-rz>o -is , g&& iooo°c~4 5 o°c©®?a^^-c© 

15 T-2 0 nmtt±©«/J*fcR&#5 x 1 0 5 fS/cm 3 WTtfe^i^i 

t#4t?>%©h}±ift t) N nmvftis&WLXsxftmmto-r z z £ & < 

20 ^^^^^^^Mit^X^^^T^^^fctt^^^M^f 8 1X10«I 

«2o«itt©^y3>^*#a£«a)K3g^siix cz^tift 
25 *s V * y#tim&±1sm*£.i/ V a b 8 0 o°c© 
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2 7 

S/Un>#$ga§l±Wfia4»t:->y ny#fSS& 8 0 0 'Ci> e> 4 0 0 'C© 
K3yrtfflK<b*n^&Rfli«it:tfe<b-rsc:t*l»±b, *©*gn^ $ 
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2 8 

So 

5 0 •C(DMmm®(Dl5L#} t 8 0 0°Cfr£> 4 0 0°CCDa^©M^cr>3^^^im 

5/ ziym&m% 8 0 0°Cfrf,4 0 0 0 CGD*Sil?&KSaffl£ 1 . o°c/# 
W±<D#iP5g&-e#£PU §i£SS£ 8 0 O'Cfrtb 4 0 0°C©^^^K«5 
& 1 . 0 °C/^W±(D^aJ^^ , r*^SIb®i^bfci> ij3>«)iASx 

£ 8> £ £ & s Its »HI^®tffiD^ail6**»»5^kfc:5S;t)lBS 
25 ©tiii&K £ u-* -T<T 5 M^-bi/tfnv 
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2 9 

mmny-yx hu - h £*A^3**j;tfft**an#:7'* M/- h 

©i^^tt^iiS^feT^S,, f&fc&SiSgfci; 1 0 0 0"CW± 13 0 

o*cut, i^Kiiiio o°c&± 120 ow^astjis. 
sao^^ffiK^jg&fcK < 3&a. i i 5 o-cja±-ei±Mfcai 

H if f&S h V- h S/ U n^jAfc^iTft, tuMcoMS 
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3 0 

*f b x x t: * * s/ + ;u fig S £ m ft * g&MS * 5& b fc «£ 3 4 3: e * * $/ 

& tl T V^ 3 £ a ^ K * * * ;i/ JB M © & 5 V^ MM 

10 fcfct^y * 'J >^S+^t^t5i/ U n > £> d fc & 
T* & 5. 

15 ^^AD-y-^^M/- h ^> >; n 1 a±ts ^ * dp * )\,M/V 

»; n >^^^a^©m^ta*0 2 est. 0 2 m^t, 

20 IGfld, fcPfe#ftilf&aHb»8 1 cavaK&Pfefctfl b#>*>&3lt 

25 e>oHlfe^fc: j;oT^5^e)IR^$ns4)©■Ct±«;v^o 
##0)J 1 ~ 8 
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3 1 

fc. 1111^6. 5-8. 5xl0 17 atomos/cm 3 (M 

*) j e i d A<D&n&m*m^Tmfe) T*$>itz 0 ^-rn© 

*gH&#J4 0 k gommzmML, Igg 1 5 5 mm©& 3 0 k g<DJ > 

1 ) S*»lJDfcfffr-r5l±»fle 1 mm/mint'^^lfe 0 
2) IfiOii^icii^TxlO^atoms/cm 3 MLs 
10 5I±S$ 1 mm/m i nT*3gll<£Wi£L*:o d © £: #©V/G& 0 . 1 
5 (mm 2 /-Cmin) ffeS 0 ^I©g^iSSS I MS"ei^b 
£*fcJ:tftffl£ft-r (lxl0 14 at oms/cm 3 JUT) ^ ¥ 
£&IR©ift&*fM*-ra 4:. ^^^^3^5 x 1 0 12 a t 
oms/cm 3 tfe-z>fco 
15 3) JD^Oii^Cg|&5xlO H atoms/cni 3 MM 
§l±aftlmm/min-CS H B a4f^Ufc= d© h ^©V/Gli 0 . 1 
5 (mm 2 Amin) t'$5c ^iffliilgi&S IMSti^l/ 
fei^ fiSRtttfetH^ftf ( 1 x l 0 14 a t oms/cm 3 JUT) > ¥ 
«fi*fftftfr*S*©«g£gmf Sfcx *SS*fctt4 x 1 0 13 a t. 
20 oms/cm 3 £&^fc 0 

4) I^Oiiitti{:i|$3xlO l7 atoms/cm 3 «Us 
1 mm/m i ntH B H B SW® lfe„ £©2:£©V/G&0. 1 
5 (mm 2 /°Cmin) T-feSo ¥&fil*ff £ 
"TShs *SS*fc#J2 xl0 14 atoms/cm 3 h&ofc 0 
25 H 18 S IMST!$!l^[t"3fc:N iiSSitSC tliT^ftiP^fe 
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3 2 

5) McDi|ttit:^i^5xi0 17 atoms/cm 3 «SiITU 
§l±)iglnim/iiiinf^I*^bfco Z<D£ %<DV/G\± 0 . 1 
5 (mm 2 / t Cmin) ^ H B B OiilSSS IMSt'i^b 

5 fcil, ^ H H a *OiHISIil>)5xl0 14 atoms/cm 3 T*&o 
fee titcCSIMSi^©^ ¥i$W&^HI©«§£*rLT, 2 fgJU 
± t © Rff w fc m J& D f * £ & A & © g * # g8 » £ tL fc o 

6) J8;tt<Djiltt(f£g&& 5 x 1 0 17 a t o ms/c m 3 
§l±1^2mm/min-e^I^t^Lfeo u0hl©V/GH:O . 3 

10 (mm 2 /^min) TffcSo «Sg©&&«lfc&S IMS-£»l5£Ufc 

7) S^ii^{:^^5xl0 18 atoms/cm 3 jgft) U 
15 §lllglmm/niin«MlL :©^fl)V/GH;0. 1 

5 (mm 2 /"Crnin) -e^So igicD^ilgSS I MS fltb 
fe^I, ^i1"©giiSSf±a 5 x 1 0 1 5 a t o ms / c m 3 Tfsfco 

20 8 ) MW<DMWl$Ki&&% 2 x 1 0 19 a t oms/cm 3 i3)0 b\ 
3I±&& 1 mm/mi n^*£il£W^bfc„ 3&*S|gS## U <b 

I MS-e»li£Ufc*S3K fcSl't'fiD&ffeift&Btt 1 . 5 x 1 0 18 a t o 

ms/cm 3 TrSofco S I M S$J5g®|*gU 
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3 3 

CD £ -5 fc & o o 
§SJ609 1 

5 ffofe, 8 0 O-Ct^tffAb^ 1 O'C/m i n*f#Sl 1 1 

0 0-CT- 8B$[§«&L;fc&, - 1 O-C/mi ntMl 8 0 0 o CT!g& 

15 ^5xl0 14 atoms/cm 3 ^fe^fco 

£*t£!S£ 1 0 0 0'C(Dmm®m%i®%,T* 2 5nm©KftiS*^bx 
$<fbMffi£M/£Ufco WM££fflV^1§4S&2 0mm 2 ©tf V 

20 OSJ^-ft^r 8 MVW±OWflE*5sUfcV^to«)5 C^E- 

B£<ftJ]g|CD§iJ£rfcfc9 9%t&i;££T©g^fcM#& n D p^fctK fftjaa*frt» 

OOmAfll MVW±CD»jEES^bfc*©Og?J^H:9 5 %T*^ofe 0 
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3 4 

5 ggilt- 0 . 1 #mtt±G>ISg&H6©*f£fcfc 1 0 3 i®/cm 3 

0. UmJJl±©COPft2 0fl/'>x^Tf»ofe)i|t, T>^^7-^^ 

fc: 0 . 1 /zmfiJl±©C 0 P £ fc 2 5ffi/.£xA-c& »k ifi^& 

ITO. 1 //mJet±0*gS^RB©S&flEH:jW 3 x 1 0 3 fi/cm 3 

15 ^{hMi&JE^J^^ff !pJSliiil/zAf8MVtt±OBES^b 
fcttftLBt©»J^H:9 5 % 9 9%T'fe*K *J^««E 1 0 OmAf 1 1M 

£ 3© COP®fcjg£88j£r 2 //mil 

fiFf^&tr (7t£>^®#» S>th3 Mm) , 0. 1 #mJil±£> C 0 P O^gf 

20 £$j£<r£k 2 oi/^xAffeofco tir«sfci^«cis t>^=.tm«l 

-fbzK^^^^^DSUO . 1 /zmxs;f>^UfcaC0PSilSt5fc 
© 7 0 A-e&ofco uCCtfr^STS ^m<Z>ifi&fftJ|-C 0 

i uui&tom&kmvtemz 3 x i o 4 {g/cm 3 hBis^^fc. 

25 JS##i&fiDitgjfc*-C 0 . 2 jam&±©^fil<7>®g£$J£Ufc d 3 7 
xl0 6 <@/cm 3 0. 1 /zmtt±©fcHB$&fttt£ *>£^< ft 
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3 5 

So z(Dmm(Dm.mfrt>®$ o . i ^mt^^s^HSMtt i o 3 « 

/cm 3 **fC2fcS£fciP^ ^tKrtSUtib^ 1 %WT<O^R6l&fiEl? 

1 ©»«lJIi:l^©*fti&«£##0!l 6 ©Jggfr e>fe&bfc£3WNfcltel, 

10 £tyfch£33$5 x 1 0 14 a t oms/cm 3 T-&ofco 

|s}$t£$fc&! ! Jl£fT ^fc^jtM©^®© 0 . 1 AtmJiJL±©C O P &mfe 
bfe (£2) i:i5 12IB/<>iAf*>) % ftO. 11/cm 2 

15 fe. i(Oc:i:*&x iffilfciD^iAliffiCilSftJI-eo. Umfil 
±®*i£&H&©!&JKtt 1 x l 0 3 I/cm 3 *SffeKfctft)4>o 

fee 

mmw i tmm^% ( ® l m'&(Dmhmnt&*m'<.fc (it 3) he 5s *j 

5£*ifc 1 p. AT' 8 MV&_t©§iJi§r#9 9 tK 49J£SM 100mA 

20 T- 1 1 MV&±©lfffi£^Lfc&<D©i!]€r£ 9 5 %~£&-otz» 

assume* d i ^mi^u c o p ©$j££ff o fe e mmmmmtiz 

0. UmKlroCOPiilOi/^iA-e^ofetf, 7Vt-7jSi 

25 0. l^mW±©C0PSJISt5kl Ofi/^xA-cftDx 

m©^^T-*)ii:sm^-t 0 . 1 /*mW±©lliSli&R&©«&tt 1 x 1 0 3 



WO 99/57344 



PCT/JP99/02336 



3 6 

i AtmwsottiiTf ©eftKWffi*»-<fe ^5, wfeWLm uat- 

8 MV&±©S!l£#9 9 !K mfemm. 1 0 0 mA7? 1 1 MVW± 

2 /zm (g*D©&® «fc t)3/im) l> 0 . 1 /zmttlCD 

I/^x;\tfcD, Iiiir-0. 1 #m£i-b©*SSfcPiB©!&&ia: 3 x 
10 3 H/cm 3 e>ftfc„ *fc»^IKWJEO«tJ±*)^*«El 

^ At- 8 MV&±©tS|-&# 9 5%T*&tK MaJ^tE^t 1 0 0 m AT 1 1M 
Vja±©®jE£^bfc%©<&3!|"&tt9 0 %T-fe-pfc 0 «£oT, 1 

xl0 6 f@/cm 3 Tfc^ 0. 1 ,umtt±©fcfife?&&B:£ e>fc:^ < ft 
20 5 0 COSt©IIiP^i^0. 1 /zmfc^H-a^RH&BEH: 1 x 1 0 3 
I/cm 3 *^tr&££ £fr ^ StRrtSPfcJfc'* 1 %WT0^HS«S£ 

25 §S£ftfco 
##0»J9 
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3 7 

1 O'C/min-rMbl 1 0 O-Ct? 8l^ffl««f Ufcftx - 1 
0°C/mi nT*P«b8 0 0 0 CT***M£& 0 to b fco {&U Hffl&GH 1 t 

5 fcLfco »ffl«&©aMR©£#4n&©g££ft£^ftm 

bfcfc;5^5 x 1 0 n a t oms/cm 3 T-fcofco 

M3^©«&3l®©D Z»©ffiJ5£fFfffi-f Sfc&fcs ±IBkK«5& 
&<bMWff©if?lg£fT ofc (^3) h d 3 N iflJSflm 1 jul ATS 8 MV 
&±©»JE&^bfcSl£-i±9 0%T-&!K 1 fcia«©#»ffci&3£ 

10 H^T-|&MbfciI-£r£J£^&-?T t fefl^i 1 0 0 mAt' 1 

1 MV&±©fi!E&^b;fc4>©tt 1 7%-e*^fc„ 

0 0 Offl/>i?:nMT?fc 13. 401/cm 2 T-£ofc<, £ C N 

^ bfc©t> 0 . 1 /imtllOCO P £»ls£b-C4> C OP©JiflD«i^© 
*£Hfl-e&!>x ^Pfett&M^bT^S Si & b 

«s$*tw"Cfc#:gEbt:^fc6 0 0 0ffi/^;\©COP©fcto£IEBi&C 

f?S£0<J 3 

25 /imJilioCOPIiUI/^iAtfe^ ^JO. US/cm 2 t?a& 

ofe 0 $ (b \z?^^~7mmt7km±&&%mMizmt) mvx cop© 
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3 8 

tem%&%mfe-?Z£ 1 x 1 0 3 I/cm 3 ^ofe(I2). In 

5£**E 1 //AT© 8MV&±©iJ£-#9 5 %s 10 0 m AT 1 1MVK 
±©fc©#9 0 %T£ofc 0 

x 1 0 3 I/cm 3 T&^fco &<tiM©S&fiE£ii-<fc£:cl3 N $»J5£^ 
10 % 1 //AT© 8 MVJW±©S|£-#9 0 % s 1 0 0 mAT 1 1 MVJU±© 
fc©#8 5 %Tfeofe 0 

fi^^it>OggMtO. 2#m«±©*R&©#&fc«l5£Ufcfcc:3 9 
xlO'l/cm 3 TfctK 0. 1 //mW±©&P(§&&& & 
15 S„ £©&«©£©*»*>»!;* 0 . 1 //m£ £ 3 & & 1 x 1 0 3 
m/cm* t^S^hfp^ MrtSfltib^ 1 %JS2*T©fcR&$&£Tfc 

20 xl 0 4 ffl/cm 3 WT*e&S*m&KS®SS£#l #mJa±T?fc*e7 

ft*. c©s^*> N stErtaJt*^Taji^Piis^o»jiio^RB*e 
i o 

25 %mm 3©g&£2 1 //mil (*ftfl!3m<D£te^®fr& 3 

m) & N E«fctt&»#T0. 1 A£m&±©*g||fcR&©fcfirfc»j£-r£ 



WO 99/57344 



PCT/JP99/02336 



3 9 

h7xio s <i/ cm 3 x-fet) im.2 ) N mhmmmitmfenm i a 

Af®8 MV&±CDgJ-£r#7 5 %s lOOmAtll MVK±c0*O)!>« 

3o%T-fe^ (S3), mm^mm^Mtt, m&&£<bt2>zt<bt> 

5 Jt&#J 1 

i n 2 (D^miznvxmmm i ©^M^fri^ 

10 1» 3 >t/m©C 0P^MMI£EOiilfcM4S5, 6 
ifc££#J3 

it;< t,^mibmns.&te\zmmT*&-Dfc<bcD(D, m^Mfc&s. 

20 *&3lffi£:*m£^g&g0 . 1 /im&±(Dl&mX.M(Dffi®m&5m/ 
cm 2 tK 1 ^m^T-©KS^^O . 1 ^ m^±©^^^P(| 
It 5 x 1 0 4 ffl/cm 3 hti *) , zr^J ZOtff&lz 

25 #^#J3, 4©^^*HJte^J 1 cDMSSfif 1 #nu 
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4 0 

UfrL&#*>* ;^^7>)> KCif^lo 2te&±©m^3£J£T?g 

$ <E>^fifr ft & £^®ii:k#S»> 5> ft fe o 

5 



& 1 

Q.1/zb^±0 COP (P»(ffl/6 >f 





1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


A 


2000 


2000 
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0 


0 
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95 
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95 
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80 


85 


90 
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** #^#y i o 



5 
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2) 


3) 


4) 


5) 
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7) 


8) 


A 


23 


23 


20 


10 


0 


0 


0 


0 


B 
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8 
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0 
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fUStetfiJ 5 -4 8^3J:t5lt^^4~l 0 

ifx £ ft © fgjlE&l * J: t>*it^M £ 5 §1 ± tflSiicD tt« ftift 
T 3 3. *SS«tt8-f >^J8 (Ig2 0 5mm) T% 

gM&PS ('Ko > K-r) , Stt^li 1 0 Q cmT&So ±13 
5 ijgJliiftSiJ^lc, *Sgg#8*r >^ffl (mm 2 0 5 mm) T% 

PS (^n> K-7-) , Sift^o . 0 2 G cmt^S^^tbfeo 

Z.LZ2. 0-5. 0 x 1 0 17 atoms/cm 3 , 4 , ^ii«lilbT7. 0~ 
8 . 0X10 17 atoffls/cn 3 . fe&mmM, fclX9. 0-10. 0x10 17 
10 atoms/cm 3 ©&g ?fc*URJR&fc: £ & »]Jfe Us I^I±H* 

5iL/fe 0 JK3R»Ktt^1*ncDJSS*i 1 . 0 x 1 0 16 atoms/cm 3 McSS 

15 »U 1^2 0 5mm©D6 0 kgfflTO^ >=fy hfcfMLfco £ 
m<DmtUl±s J > K — T"©^ i; zi C VDS (Chemical Vapor D 

eposition: fb^rajfcSSO t X & SfbJKSBJ* U fe £ ^ * , 

-C»5£Ufc#x S I MS©tfcmTEST-fc.5 1 . 0 x 1 0 I4 atoms/cm 3 * 

»©afttB8bTa¥»fi*f«sc^e>fh#i?*«>feo &*>\ aggros 

ilS^l. 0 x 1 0 1 4 atoms/cm 3 WT© i^T- &i)5&© CT h <s SI 
25 MSt:J:5^xyN*©M«fiEJ±^*t*^«:<Pr?fci](» N 1. OxiO 1 
3 atoms/cm 3 JW±©&JR»ft©S£\ S I M S £ J; D >W * ^5 $ > F 
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4 5 

?->^£!&#fTV^ MJ^d;^7 >#*£fflV>T 1 1 5 O^T^^/n 

&^t'# >; n >*m-fc&w.cDnm&, gfomm* 5 

10 Ty^-T- : JM<fc*i£ : zk= 1 : 1 : 5®SC- 1 &7§*&T'3fc?£ 

V— if — M — 7^ ^;i/*^>^ — LS 6 0 o ottiB^nso. l^m 

SO^tHli. S C- l&#fc^-:r^ 1 Oteli^D^l/s 

(OPP .-Optical Precipitate Profiler) iz £ 0 $2 1 n m<D<4g{3 

p ptcfc D&m^ns o . i um&±cD%.ffi&^-9- -r pjimfex&ki 
$ (mz*>b) <DmM 5 &McD%m*m^tza ixi o i, i/cm 5 
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4 6 

m%kmrt9-'><D—z>£ itii^ffl^T- 8 o o'Cs 4nm<Dm^m^ 
mmmmm.-G i o o o-c-e i Gmmni&t&m&ft^^ 

5 *fe, * U > ^i&fr ©if Stt^/u* *©*g&iis 

^ 1 0 ,2 atoms/cm 2 gS^^ft, ^©&x 5 s >W 
X^©^ipl$&$tMJiT-&£ CMO S^MH^SSUfc^s 3 Omm 2 
>f X©P/N&i^^£^&±ttfJf£b. P/N y-**«&©8lfc?SSfe 

;i/*rtfclfc»lSE#ffi^£#afe3ft$5ffe&©P/N U -#*«E©ifiiiDStt<J> 

*9 (a) (b) 0 (a) (b) fcsMBWa^JSfck £«fctm 

2 1(a) (b)^22(a) (b) fctttfcMfcM^ 

15 mtxmwmmm, i'i^7^7^^AM^oth«)%^to 

(^SS^J 5 — 1 0) 

Ofli, i9 (a) ^<t!/il 0 (a) ic ^ "T £ ? g!£ 
5t^^T*I^ 3 (3^1- i ^ 3fe C Z #i^^WJ*^®^M VNT§l±(f W^oUfco 
319 (a) &&mmi 0 Q cm©|ggfc:ft3*©s ilO (a) 

&»«;i'y#9 b nfc;i/y# 9 fc.§i±trs/ u n >gss * 

25 JSg-TS^U 3>#feg§l§±H , ^4*ca&5o Jl/ y # 9 ©« SB ttftD#t 
b-* 7 fcjnttb-^ 7 &©afcj&MSg3l±^«fcj*tf 5©*l«Jfc*- 
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4 7 

«fc -?Tffi%.(DMm.-e [filter ft£ tit fc x #9 U n >B»<Z)tt 

S^-fr y ^ 1 2 &*lTV>*c £©3|$_tfcr7<f^— 1 0 c^JlM 

§l£±fcf3<fc5K&ofc§|*±W , &B#ifttt&ft-C^*o ^UT. 
10 ±WJprt4fct±> §|*±lfjp4 tM^^fcfX^AP 1 3i??,Arj} 

*Bim-r5SHfc&S5l*±H , «Prt4tc»^-rS S i O, CO&if£3l 
15 Lrv^l>tfx 5(±tf*F^M®^aigBiSQ^g&aSlBb. &*§EPiraTT- 

20 ®|g B B B t^5o &Stt*l%&t*K@&& (Tm) -8 0 0'C£T-&2. 
4 •(?/#*£> 0 . 8"C/^OttH-Ci&-r b*KafiE«SH-r^rfc:33V%T 
2. 0°C/^W±t-i±«:i?ofc„ 8 0 0 °C~ 4 0 0 °C©3fg|i?&&$i 
«t*V^Tttl. 2°C/#fr£,0. 5"C/#©!5H-Ci&-f Ufc8iB£*5 
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4 8 

i±£L9 (b) fcitf&l 0(b) (l^fo *V$r*i/*)VMtx-V** 

*r&) ®&fct^ <rft0*gnfc i . o x i o'i/cmun-cii^ 

5 ig^-e2 0nmW±OM*:R?l:-3V^* ) 1 0 5 i/cm 3 

amoSL^tfJiCvlsa ttt 2 0 nm£l±-©»/.h*RB«F*H: 

15 (mmm 11-13) 

mmm 1 1-1 3to^tfe, a 1 1 (a) c b ) 1 2 

(a) (b) fcSUWW^oRJSIfe^iiWilliliS^Sw-ro fc&N SI 1 

(a) (b) ^WlOficmO^iti^^cD, il2 (a) 

(b) tf&m&O . 0 2 Q c m©IISgfc«5 fc<Z)-C*So ^SS#J lift 
20 SSI, »J12li^ii, &Hg0* 1 3 &ii5$^l/^;i/T% 0 4£^ 

-r«t^^3S^^a]^g2 o *5i±iprttciftiBbfc c 2.%M&nm&u& 

&g*3lj£&&&@&& (Tm) ~ 8 0 0-Cm6. 0°C/# 
25 ^?,2. 0°C/#©&B-£s T m* 6 8 0 0 •CC^TOgSSlSliai: 
i^T2. 0 0 C/#J^±©#i3J^T*fco£o 8 0 0°Ci? to 4 0 0 °c© 
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4 9 

fifties© -f^Tfcs^T i . o-c/#£i±©#»»j£-ettfc*pofc. 

wmtmwLz i jumzrvmrnKis^T, x&o . iu 

m&±©&R8 (SJLfcW) ?gg}i:v^n0SIfe 1 . OxlO*i/c 
m 3 UT-Z&m$n, figm^T- 2 0 nmfi*±©«/.hfcH&fc:ont:fe 1 
O s i/cm 5 l^;i/T?ft*fcJfc^Tffi»'fb&ftT^3— ;6u -t^^X h 
10 b— h £ ^©S^tolS** (^l^ft**) 2 0 nmtiiCW^ 
fl&l&ftttV^ftoagBfe 1 . 0 x 1 O'fi/cm 3 W±-CfeDs IG» 

;i/»rt©*g©&R&»£l±®*rei!& 15, xKi'^ *;i/Jf hi^ 

^> y n >^$#£«©WiB#HglKa;ta&ia 2 t^-To 
(HiStfiJ 14-16) 
£t<%0U 4-1 6CO^T*, il3 (a) (b) 4 
20 (a) (b) &%\±V1if&CD^M&fthWmmmZ^-?o 113 

(a) (b) *s^irC^l 0 Q c m©*§Hi;:& 5 « © N il4 (a) 

(b) #©*«0 . 02Q cmCDI^^lcmS *0T^5«, HJS^J 1 4 tt 
<£B£x fl«H 5tt#S5(U Hlfeflll 6 }ii^^|gU^;i/T*, El 5 £5* 

a &&3tt*i$e 3 o &m±tpfiiKLt8LW. vtt c z iM£gWj«g&& 

25 ffiV^TSI t±lfW^bfco teg*&&fttt]ftS&ft (Tm) ~ 8 0 0°C 
£T*&2. 4°C/#fr£>l. 5°C/#©^fflT-, RSKttBB-r-^Tfc* 
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5 0 

V>T2. 0°C/#W±©}£Mgmi&O/bs, 8 0 0 °Ct? h 4 0 0 °C© 

Pfe (£?L^Pfe) !&&fciV>1"tl«>*giifc 1 . 0xl0 4 |B/cm 3 
<£»£*U g§M"C 2 0 nm^±©«/jN^Rgfc-DV^T * 1 0 s ffl/c 

15 17-19) 

^flfe^d 1 7~1 9i:oiriTfes SI 5 (a) (b) ££tmi6 

(a) (b) iz%\±\?ii&<D®:m3kfthmm%im*&?o &15 

(a) (b) #«ffi*l-00 cm©|ggfcG&Sfc©x £1 6 (a) 

(b) tfiStfii^O . 0 2 Q cm©3jiSg£&3fc©T'&£o HfflStfli 1 7 fcfc 

20 &mm. nmmi 8&*wtm, mmmi Q^mm^^^-v, 12 6 

^*t§l&±fcntffifcbfco (Tm) 
- 8 0 0°C |;T*tt 6 . 5'C/#fre>2. 0°C/^©«5fflT's ^e>t8 0 
Q'Cfrib 4 0 0°CcD|gH{± 2 . 0 •C/fl-fr & 1 . 2 o C/#0f5aT-, T 



WO 99/57344 



PCT/JP99/02336 



5 1 

5 tK 0. 1 ^mtf-f X&±©£ftfcH8fctf-r X2 0 nmJU±©«/J^RB 
*ifKHSM^tit^S„ * X#0 . l/zmJa±©&NI 

A©#@fr 1 ^mS-e©««C^t, ^-fftfel. 0x10* 

ii/cm 3 WT-Cfi»*ns Igjllfe 2 0 nm£t±©«/J**R|fc:o^ 
10 T4>5. Oxl 0 4 I/cmHmSlf*{Si^?,ti5o +)■ 
77M/-b £ xA©J££*i&iSj$ (A-;i/i7^J^) x-{i 2 0 nm£t±© 
W^RStSli^fn©^* 1 . Oxl O'i/cm 3 D > 

15 7H/-h5/iJn>!j;i;^I (*-fcfc>fc* ^ tf * * ^ * ;i/JB t V- X* 

*r©«/h * ng © * * is * )vm^(D m. % w o & * * o & 0 

(^*te#!2 0 - 2 5 ) 

nmm2 o~25k-dmt*k an (a) (b) ^.tvais 

20 (a) (b) £3l±tfWi&©M^i£#tM^£^-ro a 1 7 

(a) (b) M$lOQcm0^It^Sfe0s ^18 (a) 

(b) tfffiJn^O . 0 2 Q c m©*§llt&S *)©-£& 3 „ #^5l&0iJT* ti\ 

Massing nmm 15-17 tnuau ekc^t *-?&c 

ZJ|i*ggW&£1tt&/I^T§l&±fcfWJ&Ufco 
25 (Tm) ~8 0 0 e C$t?li6. 0°C/#fre>2. 0°C/#©*bB-?!. T 
mfr £ 8 0 Q°C(D±X<D&mU&mi$,£&^T 2 . 0°C/^iil±©^SJ 
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5 2 

m&X'&^&o 8 0 O e Cfr*> 4 0 0«CcDHSfijft«H(0^ai3lJfttt, 2. 

2 ^asMu^-e^aa^ ^ss0ij2 5 \^mm v^)\sX'&mm<D& 

10 it^^o ^ \z<?*>sir )\,M h h is U ^ > £ i/NCD^H^ 

^a^fn®^* l . o x i o 2 i/cm 1 eiTtsK-gn 

T% * 6 £#®fr<o$S£ 1 MmtT-CDfiC £V^T * 1 . OxlO'I 
/cm 3 JaT-CKl^&ttSft-OASo BlSiJl#T? 2 0 nm«Ji©t* 
15- ^RSfco^T * l^iB* J; 1 /im^fOiat' 1 0 4 i/ 

cm 3 mSftfiitft^tiTl^-^ V77> h I/- ^xA0| 

IMS) it^PfeJl &i£<s Hl1»fc£cD«/J^K0xir**S/* 
6-31) 

25 H!fe{H2 6~3 lfcoVNTfc, ^1 7 (a) (b);fe«fctf£18 

(a) (b) t§l±lfW^©9»3§^i:M«gm*^ro £1 7 
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5 3 

(a) ( b ) tP&tn,^- 1 0 Q c mClglfciS^Cs il 8 (a) 

(b) tf&tfimo. O2Qcm0|git:§5^T^5o *MM&n\±, 

mm*®m\stczi&^t, mmm 1 4~ 1 6 tm*. ist^tia^c 

5 (Tm)~800"C*-e{i2. 4°C/#fr£>l. 5 °C/#<Z)|§BT% ft 

fifittBBf^Tfc^^r 2 . o^/#ja±©#ai»ifc-ctt*i^ so 

O'Cfr*, 4 0 0 0 C<0«5gft 1 . 6-C/#fr£l. 2 °C/#or>$5fflT% 3 

Yl±iii^'<;^?*g$^ 2 8 u-ovunmm. mm 

15 15*6^3 1 II T?fe So *mt 

h I/ — h is V 3 ><i? x^©^®*> 1 #m£*e©ig#K:*v* 

tSftftTO. 1 ^mtt±©^Wl&jRH: 1 . Oxl 0 3 i/cm 3 

1 Mffitt©^l! 1 0* fgl/cm 3 felT-CM 

-eii20 nmtt±oa^^RB»JftttMl*ncD|gS*» 1 . 0x10 
'i/cm 3 g«U I G^j^tc^^^^RScD^^^iiJn^B^n 

25 xt^3r^t;i/IJ:^^^M/-b^x^©#I) Ts fttftHSJi 
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5 4 

(mmm3 2-37) 

WJ32~37to^t*, ^17 (a) (b) «iVS18 
(a) (b) lz%\±tfiZ&(D&m.0kfttWffim%:*7fi?o ^1 7 

5 (a) (b) tffi^lOQcmOlglti^*.©^ il8 (a) 

(b ) #®£rC3£ 0 . 0 2 Q c m©eBJC&5 *©T!**o *2SflB0*T?B: N 

£ffim 7-19 kratt, 0 6 £^-r«fc?&c 

(Tin) ~ 8 0 O-CScT-fcfc 6 . 5 °C/#/!p £ 2 . 0°C/#CD&HT-s £ 
10 & t 8 0 0°Cfr£ 4 0 0 e CO*5Ht±2 . 0°C/#fr£,l. 2"C/^CD«5 
fflT\ TmA»e> 8 0 0 "CO±-r©JgilSfiia*jlfc *V^t 2 . 0°C/ftU 

±.(D$i®m&-c ^et, 8 o o°cfr£ 4 o o-ccD£T©*&gfi&fst* 

JS0S3 4lifi^|^Ml!i!l ^JS0!I3 5ttM*U^^T?(SK*x 
HJg#13 6«±«5aSRl/^;i/'-Cit'tt*H ^JS«3 7l±^b^VT'^ 

amtt^-f nous©* 1. oxi o ! i/cm 3 kt-csk-bd 

/cm 3 I/^j6>*ftfilT"Ciilcfi«*nTM5. iESm^T- 2 0 n 
Tf 1 0 ! i/cm s v*;i/T?ffi«lfc<K»fl3£ftx «£f£±£M*RSJi# 
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5 5 

mi*£<D®L'hxm®&iz-o^Tte.^tn<Dmii i <b i.oxi o ia m/c 

3 8 -4 2 ) 

#iijfc#i3 8-4 2& N mm*mn\stzmMkiy>t>w*) mvt? ^^MT. 

15 S&T-feSo ^Mfl^ U n ^M^ro^^ig^* 5 1 . 0X10 
"atoms/cm 1 U ^^(DA^&T' 1.0x1 0 18 atoms/cm 3 

$(Dm.m&&i) s 5 . 0 x 1 0 u atoms/cn 3 JU± 1 . 0x10 l6 atoms/cm 3 
££tfij£ll#©$filig&# 1 . 0 x 1 0 17 atoms/cm 3 J^±®$gH 

Mm(om&&ft#£vmmm%:&%:i 9 (a) (to^trnzo 

(a) (b)fc^to S^I19 (a) (b) #®irG^ 1 Oficmffl 
JNfH«3&© N ^20 (a) (b) #&m^0. 0 2Qcm^Ifc 

25 ffl^T3l±tfWf&bfcc, *gH#£Pj&Jgtt^[S?§.j£ (Tm) ~ 8 0 0°C£ 
T-&2. 4°C/#*p£>0. 8°C/^-(D$SST*^-r L%.M^S«5H"r^T 
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5 6 

fc:fc^T2. 0-C/#&±T?ttfcfr-=>fc„ £fc 8 0 0"C~4 0 O'CCDig 
Bfije««C:fcHTi± 1 . 2°C/^^e>0. 5 "C 16 H U*> 

Hite^j 3 8 ii 3 9 &mmb^©$ji!I£ji ^n?nArtfflg 

5 fllOO'Cf6 0^i:5^ &6K0!I4 0 tt*M!13#H$l<Z)#r& &j| 5 

K>B**t&Bfa-c 1100^60^ mmm 4U42 tt4MaM£ 

£> 3& in ?n?nAr^T* 1 0 0 0 °CT* 6 0 ft t A r £ 

ffl^T 1 3 0 0°C7f 5#©M3I£5febfco ISilt 0 . 1 /inm± 

10 1 ^m*T?©««l;:£tt3ffi£#*&fcov\Tfci\ 

^HH^MS^i^t, 1. Oxl0 2 i/cm 3 WTt"SIHD 

T*k ^M^?L^R§©?gg{i 1 . OxlO'i/cm'l/^mt: 

15 «/h^R5fc-D^TH:s 3ri/ h V— h 2/ U =r > ^ 

^©#®*&as^ 1 ^mi;T?0»t£-C 1 . 0 x 1 0 4 I/cm ! fitTfc 

*^©J1£;*#'&1K# T?l*2 0 nmW±0^/J\^iftli 

^TtMommbl. OxiO'i/cmHUt^^ I G#jM£;&#j 
20 fc*H8©H£&#iQjFji£ft;&,> fiftfc btlt S5fifc£«*fcR5:b*# 
8?T SMl&J#& ^ 1100°C)!pU 2 0 0°CgS^»* l^o £fc. 
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©1MB) Ts ^^RSM «:x& < . K*ffia#ifciT©»/J\&|fc©xK**$/ 
5 (iM43~45) 

j^sty e causae us u gif^* h u — h 

^CiiSgAJ 1 . 0X10 18 atoms/cm 3 (D&&m U bTlB^ 
^mfiWfc^^nsSbStts 3eS*<0»3R»flE*« 1 . 0x10 

15 17 atoms/cm 3 &±(Di&m?wm$ntzm&T:&ti&mmi3i&m&iFT z. 

fc&fltgbT^So ^ItefclOBiaS&ffcfc itfM&mfci:^ 1 9 (a) 
(b) 33«fctf&2 0 (a) (b) fefc, * 1 9 (a) (b) # 

atft* 1 0 Q cm©&Ht&£&©, ^20 (a) (b) #jgffi;^ 0 . 

(Tm) ~ 8 0 0"C^ii6. 0'C/ftfrt->2. 0°C/#©$Sa-?. T 

m^e, 8 o o'co^TtoissaacfatSfti^^T 2 . o"c/»a±©^*p 
^K^fc^feo 8 0 Q e Ctft> 4 0 o°co^^ H ?a^«5Hco^ai^m{±> 2 

25 0 -C/^JBl±O^aiaft7?l±&^ofco 4t±x ^5{'^-r«t^ 
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5 8 

§i±fcrwfifcu mmftm&m&wkmum dm) -so o e c^T-^2 . 

£M^T5|±tfWi&Us ^ H ^^0^K(i^H?ajg (Tm) ~ 8 0 0"C£ 
T-t±6. 5 e C/#fr£>2. O'C/ftommr. ^e>C 8 0 0-Cfrf,4 0 
0°CcD«bH{±2 . 2°C/#©«SHT^ Tm^^O 

10 0°C<D±TV>mB i Ummmz.£^T 2 . 0-C/#&±©?*SIj8«tS * 
8 0 O-CiP^, 4 0 0-CCD^T©|§SafitfItSt:*V^T 1 . 0 "C/ 

0 0°CT- 6 OfrnMVtco I@Sg*"P. 4 0 0 °C ^ tOiSKiit^t 

- h e/x/xJPS # l± I G&m£&»£©i;: + #fc*f5(S&&£* 

20 U±&frofco 

(^JS^J4 6-4 8 ) 

25 gf&fc*M&3&iSLN ^^^^ hi/- h */ V 3>r>^^a@M^^43^ 
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59 

mnttt&mg.® z £ 5«jsu *®«x + )\,m 

S6M*©^^^J^^ 1 . 0 x 1 0 19 atoms/cm 3 1/ ^l/Oi&aft-eKlS* 
0 x 1 0 l8 atoms/cm 3 <DMmm.l"<)llzm uts**-**^ * 
5 *3»«tcBe»n5»*tt, JgS^CDSJfciftffi^S. 0 x 1 0 13 atoms/cm 3 
J£l±l. 0 x 1 O 16 atoms/cm 3 WT\ i3 <fc 1 . 0 x 1 0 17 a 
tons/cm 3 W±0ttBB^»®^nfe*SST!*n«H«ftSlj*S^-r C fc 
£«ffgbTV^„ **«iOTOi!lig|fe^j3J:Wffflff»*tt^l 9 (a) 
(b) ££^2 0 ( a) (b)twt. 6^119 (a) ( b ) # 
10 fi^lOQcmffllgltl^SfeOs ^20 (a) (b)#ffi£c^0. 
0 2 Q c mcDSgflfc&SfcCiT'&So HJE^i 4 6 fcU BI4fc^-r«J;-5& 
3g«£KB bfc C Z iMgBW*a&*£JB^-C3l 
±tfWf&U l£il*3l&&tt8E@£& (Tm) -8 0 0°C£T-& 6 . 

15 gE««fc£V>T 2 . 0*C/#feA±©*frS3]58&-Cfc-3;feo 8 0 0 "C^^4 
0 0"C©KgSmftttH©^aiajSEttx 2. 0°C/#~0. 5°C/#T'& 

t\s ! bmummm<D-r^i:iz£^x 1 . o*c/4m±©i*jp3£j&-efci:fc 

ftRtlfeC ZJ|MgiiWJ*£iK&^TSI±tfWfi&U @g**P%£tt 
20 (Tm) ~8 0 0'C^T*li2. 4 "C 1 . 5°C/#©«g 

ST'. KffiJKttB'f^TfcE^T 2 . 0-C/#fel±©#Slj£j£ , ri±&V* 
#s 8 0 0'CfrP>4 0 0'C(D«ffifcJ:l. 6°C/#fr*>l. 2°C/#©$& 
HT's &fig^B0£T0*ggi&&$g#fc:*5^T 1 . 0'C/#W±©^ 
Wlt^ofeo HSii#I4 8 fcis m6^rtt£5%:m&<Dttl$m±Zn 
25 «)i)^g^sSEbfcCZ#^^Wfig^S^ffi^T§l±lfW^b. i^ii^ 
(Tm) ~8 0 0°C^T-Ii 6 . 5°C/fttf>h 2. 0 °C 
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6 0 

/#©i$affl-e> £ e>fc 8 0 OVfrb 4 0 0°CcDtSH&2 . 0°C/fri?t> 
1. 2'C/fr(Dm®t:, Tmi?6 8 0 0 *EGD£T®*§M&fS«fc:fetr> 
T2. O°C/4m±0ttSJ38J&-Cx ££>fcs 8 0 0 °C^e>4 0 0 e C©^: 

5 ft©HflS#JC£^T£K + 7;* hi/- h Ua 

>^x^©gM&3&Ar#H^T* 1 1 0 0°CT- 6 O^HJfebfco 

10 *;UJ1#®T©&BS®S# 1 0 2 I/cm 1 I/^i!p^n«TOfil^ 
0 nmJ£*±cD&R6«j£fcfc 1 0 9 |/cm ! l/^JVt I G$jIH£ 

15 ^S/^JvJl'xo^Sfflbtt&fr-pfeo 
(Jt««4-6) 

©£gwj=ft»iB"e5i*±fcritNj&u *§n#£P^&tt8ii@&s (Tm) ~ 

20 8 0 0 e C£T-&2. 4 e C/##e>0. 8 'C/^0«Bit'^f U 4> 

0 0*C©*ggfi&fS«fc:£^'CB:l . 2°C/#fre>0. S'C/^colSH 
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6 1 

(b) ££15^2 2(a) (b) tzifk + o M,I21 (a) (b) 
^trC^ 1 0 Q cm©*gH£&£*>©, 122 (a) (b) tH&tri* 0 . 

0 2 Q cm©Jig|ifc^3&©-e&3o &mm4&&®M, \£®.m 5 fc£# 

5 - h tf x/\©#®:fr 1 /z m 43 £&&*©•* W 

X*»0. 1 /*mJBt±©&Pfe (£a*R8) &&ft$fStigg#{£v^#ffiT 
"f 3MjSJtt&Sfc©©, 5. Oxi 0 4 i/cm 3 WTtH:fef>flli3i 

1 0 s ffl/c m 3 l/^;i/©?SI5flET?»5o itSSUf-C 2 0 nmW±©« 

10 1 iumSfOKSCSHT^ 5 . OxlO s i/cm 3 W 

TJi^^-^-r 1 . 0 x l o 8 <!/cm 3 W±©u^;i/T?ifcs„ -# N it 

hu- h «> xA©|[$tt"ba« (^;i/*ia«) 1 . o x 1 o 7 

I/cm 1 1/^T\ I GS&JIfcfcJHft-Cg&Ho iMIt 

fcfc^T, ^i^fefeO«(HU^;v©»S^W©^BR (&5iS#r£B^©^ 

(tfc$0ij7~9) 

20 ifg^5. 0 X 1 0 15 atoms/cm 3 jgjftii I, |g>t>®&$|£#5 . 
0 x 1 0 12 atoms/cm 3 bfco fftb*>> l^ttlSMhLfeo 

«©*sawfiS«a-c§i$±w , w^i/s £iittai3£tt&@£& dm) 

- 8 0 0 -C*Tftt2 . 4 e C/frfrt>0. 8 •C/^©ttH-e^f 
25 jS«5Hr^<Tt:*^T 2. 0 e C/#J^±T*&£fro;ko ££ 8 0 0"C~ 
4 0 0^C©|ggfiJft1g«fc:*V>ta: 1 . 2°C/#*>e>0. 5"C/#©1& 
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6 2 

w&bfcj/y 3>$tsgttx ^x^imx^ fyxM/-F^xAj:b 

^©$®£#*SISJf £ 5 umx.V***s*M&&tHts U 3 

5 (b) ^J;^22 (a) (b) fti, $2 1 (a) (b) # 

Stfc* 1 0 Q cm0^Si:i5*©, $22 (a) (b) &j&m&0 . 
0 2 Q cmOgil:|5feOtfc§„ it«09 7 tt&8t3lU it&#J8fcfc* 

nm&±©«/J^lfe©»jftfco^TB:Jfc«09 4-6 (5 H |sj & t- , ^£ 

»j&n ©»*&»#& ji 6 zti?ti<D j xttthmti 1 o 6 

I/cm'KiW 1. Oxl O^/cm^l/^^t^Sffeofco 
^-tf-^* h v- h **^©J3 £IHbT 
15 t,X.m%&®mi)Qi±%t>ti-? I . Oxl O'i/cm 3 t/^K\ if 

20 ftoTHfe, 

(Jt&0ijl 0) 

Jt«W10tt, ^©fctoafcg^glitfWffcKK litotilt 
#4. 5 x 1 0 "atoms/cm 3 ggfc U SSgH#0Dg^&&# 3 . 0x1 
0 16 atois/cm 3 mmt bfc„ ?-£fo*> N < iBUfl bfeo £ 

25 gWfifctt* BI3fc*r.fc5fcftfc*£g3St#gg£Rtt3;ifc©&^»^ 
©tegW&8B-e§l£±tfWJ&U (Tm) ~ 
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6 3 

800 o C£-e£2. 4-C/#fr£0. 8 "C/#©l&B|-CiBf U 

*5Hf "*Tti*3^T 2 . 0°C/#&±T-fcfc&frofc o £fc8 0 0°C~4 

0 0-C©|gi&fift1S«Cfe^'CH: 1 . 2°C/#fr£>0. 5'C/#©$bB 

(b) *s.fcim2 2(a) (b) t^to S21 (a) (b) *» 

0 Q cmo^tiaffl, S22 (a) (b) #&#C^ 0 . 
10 O2Qcm0^(:l5*0l!fcSo xt:^^i/tMh^^X M/- 
h ^iaOTO?,^ 1 Am£T©^S&££^Ts MS ft If ©it* X 
#0. 1 /zmJ£il±©&HB (^JL^R§) S&lfejf©-** X# 2 0 n 

15 Pft©««53ST?feaJa^SA^^«lW»*^^K^^^-t';i'JBK:ifi«b 
3i £ * * */ * fc*f 1t ft * PfeBs£# B £ ft -5 o 
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Ii9 (a) -> U J >a«ttgft : 1 0 Q • cm 









/cm 3 




/CB 3 


/cm 3 


Tm~800*C 
>2.0'C/# 


800~400'C 

>1.0*C/4> 






1.0E17 


0.8 


1.0E14 


3.0E17 








nmm 6 


2.0E17 


0.8 


2.0E14 


8.0E17 










5.0E17 


0.8 


5.0E14 


9.5E17 








8 


8.0E18 


0.8 


7.0E15 


3.0E17 










1.0E19 


0.8 


1.0E16 


8.0E17 








2SHS0>} 10 


9.0E18 


0.8 


8.0E15 


9.5E17 









O : «Bf*K - : *SHft 



3£9 (b) 











/cm 3 


*M X>20am 
/cm 3 


it-T X>20nm 
/cm 3 






9.0E2 


1.5E5 


1.0E9 




nmm e 


9.0B2 


6.5E5 


5.0E9 




mmm 7 


8.5E2 


6.QE5 


6.0E9 




ISIfitfJ 8 


6.0E2 


1.0E5 


1.5E9 




^lfi0»J 9 


6.0E2 


5.0E5 


6.0E9 






9.0E2 


5.5E5 


8.0E9 
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6 5 



£ 10 ( a) *s U =» >g&it&ff[ : 0 . 0 2 0 • c m 









rnmrnm 

/cm 3 


nm/fl- 


/cm 3 


/cm 3 


Ta~800*C 
>2.0"C/# 


800~400"C 
>1.0*C/# 




mmm 5 


5.0BI6 


0.9 


5.0E13 


3.0E17 








^JS#J 6 


1.0E17 


0.9 


1.0E14 


8.0E17 








mmm 7 


2.0EI6 


0.9 


2.0E13 


9.5E17 








mmm 8 


1.0B19 


0.9 


1.0E16 


3.0E17 








mmm 9 


1.0E19 


0.9 


1.0E16 


8.0E17 








^flUW 10 


1.0E19 


0.9 


1.0E16 


9.5E17 









O : KBBft* - : «6H* 



5 a 10 ( b ) 







rt)V!7 Km 




y--fx>o.i//i 

/cm 3 


1M X>20na 
/cm 3 


V< X>20nm 
/cm 3 




mmm 5 


8.0E2 


1.0E5 


3.0E9 




mmm e 


8.0E2 


5.0E5 


6.0E9 




^JK0d 7 


7.5E2 


5.0E5 


6.5E9 




mmm 8 


5.0E2 


1.0E5 


5.0E9 




&ne*j 9 


5.0E2 


4.0E5 


8.0E9 




10 


8.0E2 


5.0E5 


9.5E9 
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6 6 



IS 11 (a) »>'J 3>aS«ftg£t : 1 0 0 • c m 









stasis 

/cm 3 




HAS* 

/cn 3 


/CB J 


Tn~800*C 
>2.0*C/fl- 


800~400*C 
>1.0*C/» 




mmm ii 




1.2 




2.0E17 


O 






mmm 12 




1.0 




8.0E17 


O 






mmm 13 




1.1 




10.0E17 


O 







O : *6Bi*k - : *S®^ 



5 jgj 11 ( b ) 





:n£#ffi~&£ ljLtm^PB 






■th-f X>0.1/£B 
/CB 3 


X>20nm 
/cm 3 


•fr-f X>20nn 
/cb 3 




11 


3.0E3 


1.0E4 


1.0E8 




^J60!) 12 


5.0E3 


2.0E4 


5.0E8 




HiflStfiJ 13 


6.0E3 


4.0E4 


5.5E8 
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6 7 









/cm 3 


mm/-^ 


ISAM 

/cm 3 


/cm 3 


Tm~800'C 
>2.0'C/# 


800—400*0 
>1.0*C/# 




mmm n 




1.0 




2.0E17 


O 






mmm 12 




1.0 




8.0E17 


O 






mm&i 13 




1.1 




10.0E17 


O 







5 at 12 ( b ) 





^^#®~8S2 l,um*Pfe 






fr-f *>0.1/*b 
/ca 3 


•y-l* X>20nn 
/cm 3 


■fr-f X>20nm 
/cm 3 


O/^ km 


mmm 11 


2.0E3 


1.0E4 


2.0E8 




mmm 12 


4.0E3 


1.0E4 


6.0E8 




5Si£#J 13 


5.0E3 


4.0E4 


8.0E8 
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« 13 (a ) U J >g«Itfetft : 1 0 Q • c m 







1= 


mmmm 

/cm 3 


SUJfcK 


/CB 3 


/cm 3 


Tm~800*C 
>Z.0°C/fr 


800~400'C 
>1.0'C/# 


MM 






1.0 




3.0B17 




O 




mmm is 




0.9 




8.0E17 




O 




MOT 16 




0.8 




10.0E17 




O 





O : ttSBft. - : *SHft 



5 at 13 ( b ) 











9M , 2>0.1/zu 
/cn 3 


if-f X>20nm 
/cm 3 


X>20nm 
/cm 3 




nmm u 


7.0E3 


5.0E4 


6.0E6 




mmm 15 


7.5E3 


9.0E4 


2.0E7 




nmm i6 


9.0E3 


1.0E5 


4.5E7 
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6 9 



a 14 ( a) > U 3 >3£ftlt : 0 . 0 2 Q • cm 















SIS? 


Tn~800'C 


800~400-C 






/CB 3 


BUtt/^J- 


/en 3 


/cm 3 


>2.0*C/# 


>1.0*C/# 




mmm u 




0.9 




3.0E17 




O 




!£«&#J 15 




0.8 




8.0B17 




O 




IOK0J 16 




0.8 




10.0E17 




O 





0:*6ffl|*U - : flSBft 



& U ( b ) 











tMX>0.1>£zin 
/cm 3 


X>20nm 
/cm 3 


tf-f X>20nm 
/cm 3 




^J£{fJ 14 


B.0E3 


4.0E4 


7.0B7 




MM 15 


6.5E3 


7.0E4 


4.0E7 




mmm is 


8.0E3 


9.0E4 


8.0E7 





